Patients receiving intensive cytotoxic therapy are traditionally supported with parenteral nutrition (PN), although it is unclear whether all patients benefit from PN. This study aimed to identify regimen-associated differences in PN requirements, to reveal discrepancies between the number of PN indications and the frequency with which PN was actually given, and to describe characteristics of patients who met nutritional goals without PN. PN indications were defined as: (1) severe malnutrition at admission; (2) a prolonged period (7-10 days) of minimal oral intake; or (3) clinical weight loss Ͼ10%. PN was found to be needed in only 35% of consolidation courses, compared with 80% during remission induction and 55% during BMT. Significant differences were also seen between BMT protocols: PN was required in only 37% of autologous BMT recipients conditioned without total body irradiation (for lymphoma) vs 92% of recipients of a mismatched graft. A high body mass index was the only significant characteristic of patients who could do without PN. In conclusion, PN is not required for all patients undergoing intensive cytotoxic therapy. Screening of nutritional status at the start of therapy and monitoring oral intake following cytotoxic treatment may allow more appropriate identification of patients requiring PN. Keywords: parenteral nutrition; leukaemia; lymphoma; cancer chemotherapy; bone marrow transplantation Since parenteral nutrition was shown to be safe and feasible in patients undergoing bone marrow transplantation, 1,2 it has been widely used in patients undergoing intensive cytotoxic therapy. Parenteral nutrition support (PNS) was believed to be indispensible in bridging the period of severe gastrointestinal toxicity and pancytopenia.
Since parenteral nutrition was shown to be safe and feasible in patients undergoing bone marrow transplantation, 1,2 it has been widely used in patients undergoing intensive cytotoxic therapy. Parenteral nutrition support (PNS) was believed to be indispensible in bridging the period of severe gastrointestinal toxicity and pancytopenia. [3] [4] [5] [6] [7] [8] Despite this, the efficacy of PNS on treatment tolerance or prognosis has never been demonstrated. Recent developments, such as the advent of improved antiemetics and haematopoietic growth Correspondence: JA Iestra, Center for Rehabilitation and Nutritional Sciences, University Hospital Utrecht, PO Box 85500, 3508 GA Utrecht, The Netherlands Received 23 July 1998; accepted 3 December 1998 factors, have shortened the period of reduced oral food intake. In addition, more awareness has grown of the disadvantages of PNS in terms of complication risk and costs.
Recent clinical guidelines 9,10 advocate reserving PNS for those cancer patients not tolerating enteral nutrition support, who are either severely malnourished on admission or who are expected to undergo a prolonged period (more than 7 to 10 days) of inadequate oral intake.
To define the need for PNS in patients receiving different cytotoxic regimens we retrospectively studied the occurrence of both indications. We added a third indication, that of more than 10% weight loss during admission. We investigated the frequency of 'malnutrition at the start of therapy', 'a prolonged period of inadequate oral intake' and 'severe clinical weight loss' occurring either during the clinical phases (remission induction, consolidation and transplantation) of the treatment protocol for AML or during admissions for one of four standard protocols for bone marrow transplantation (BMT). We compared the number of admissions where PNS was indicated with the number of those where PNS was actually given. We also studied personal and medical features that characterised those who managed to keep their energy intake at an acceptable level without PNS.
Methods

Patients
Data of all consecutive patients who received intensive cytotoxic therapy between 1993 and 1998 and participated in a nutritional monitoring program on the BMT unit were retrospectively analysed. Intensive cytotoxic therapy was defined as all treatment schemes comprising high-dose (combination) chemotherapy, with or without total body irradiation and eventually followed by BMT, resulting in a neutropenic period (Ͻ0.1 ϫ 10 9 /l neutrophils) for at least 7 days.
Study designs
Three analyses were performed: (1) A longitudinal analysis comparing three clinical phases (remission induction, consolidation and transplantation) of treatment for AML. (2) ). Conditioning for BMT consisted of cyclophosphamide 60 mg/kg once daily i.v. on days Ϫ5 and Ϫ4 (total dose 120 mg/kg) and single dose total body irradiation 9 Gy (long shielding to 6 Gy) on day 0. Only those patients were included who underwent both induction, consolidation and transplantation in the BMT unit of our hospital. Patients with refractory AML needing a second remission induction course were excluded.
Patients in the second cohort underwent BMT because of haematological malignancies and were conditioned with one of four preparative regimens: (2) Cyclophosphamide 60 mg/kg once daily i.v. on days Ϫ5 and Ϫ4 (total dose 120 mg/kg) and total body irradiation 9 Gy (lung shielding to 6 Gy) on day 0 followed by autologous BMT. (3) Cyclophosphamide 60 mg/kg once daily i.v. on days Ϫ5 and Ϫ4 (total dose 120 mg/kg) and total body irradiation 9 Gy (lung shielding to 6 Gy) on day 0 followed by allogeneic BMT (T cell-depleted using Campath-1G in the bag) from an HLA-matched donor. (4) Cyclophosphamide 60 mg/kg once daily i.v. on days Ϫ5 and Ϫ4 (total dose 120 mg/kg) and total body irradiation 9 Gy (lung shielding to 6 Gy) on day 0 and 5 consecutive days of 5 mg Campath-1G i.v. (days Ϫ8 to Ϫ3) followed by an allogeneic BMT from a HLA-mismatched donor. Only patients receiving their first BMT were included.
The third cohort consisted of BMT patients who underwent a conditioning regimen consisting of cyclophosphamide 60 mg/kg once daily i.v. on days Ϫ5 and Ϫ4 (total dose 120 mg/kg) and total body irradiation 9 Gy (lung shielding to 6 Gy) on day 0 followed by either autologous or allogeneic transplantation from an HLA-matched donor. Regimens without TBI and HLA-mismatched protocols were excluded in this analysis to compile a homogeneous group with comparable gastrointestinal toxicity and complication rate.
Nutritional policy and monitoring
Energy requirements were estimated as 140% of resting energy expenditure calculated by the Harris and Benedict
Equation.
11 Protein requirements were estimated as 1.5 g protein per kg actual body weight. Nutritional goals during admission were to achieve an average intake of at least 70% of the patients' energy requirements and at least 1 g protein per kg. Daily oral food intake was recorded three times per week. Energy and protein content were calculated using a computerised Dutch Nutrient Table. 12 Nutritional counselling was focused on improving oral food intake. Depending on the individual needs special between-meal snacks and commercial supplements were advised. Parenteral nutrition support was started when two measurements of oral energy intake were below 50% of the estimated needs and oral intake was not expected to improve within 1 week.
Supportive care related to GI tract
Supportive care measures were the same for all patients. Stomatitis prevention consisted of local non-absorbable antibiotics three times daily and careful teeth brushing. To prevent nausea and vomiting a serotonin antagonist was administered prophylactically. Other anti-emetics were provided when indicated clinically. Infection prevention measures included protective isolation, a low microbial diet and selective decontamination of the gut with oral nonabsorbable antibiotics (neomycin, amphotericin B, polymyxin B and pipemidic acid).
Definition of review criteria for PNS indications
In clinical guidelines it is advocated that PNS in cancer treatment be reserved for two indications: 'Severe malnutrition at start of therapy' (indication 1) and 'A prolonged period of minimal oral intake of at least 7 to 10 days' (indication 2). To ensure identification of all patients who needed PNS, we added 'severe weight loss during admission' as a third PNS indication. We attributed these indications retrospectively to the admissions present on our data base.
'Severe malnutrition at start of therapy' (indication 1) was defined as the presence of at least one of the following criteria: baseline serum albumin Ͻ30 g/l; body mass index (weight/height 2 ) at start of therapy below 18.5 kg/m 2 .
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A 'prolonged period of minimal oral intake' (indication 2) was defined as at least one of the following criteria: Three or more measurements (a period of at least 7 days) with oral energy intake less than 10% of the individual's estimated energy requirement; five or more measurements (a period of at least 11 days) with oral energy intake less than half the individual's estimated energy requirement.
The third indication 'severe weight loss during admission' was defined as weight loss between admission date and discharge of more than 10% of initial weight.
Statistical analysis
Results of parametric data were expressed as means and standard deviation, non-parametric as median and the interquartile range, and dichotomous variables as frequency and percentage. In the longitudinal analysis, non-parametric variables were tested by the Friedman-rank test and dichotomous variables by the Cochran Q test. In the second analysis differences between the four subgroups were tested by the Kruskal-Wallis test for the non-parametric data and the Fisher exact test for dichotomous variables. In the third analysis differences between the two groups were tested by the Student's t-test for parametric variables and the MannWhitney test for the non-parametric variables.
Results
PNS requirements per treatment phase
Of 50 patients with AML admitted for remission induction, only 20 patients (13 males, 7 females, age 44 Ϯ 10 years) underwent consolidation treatment and BMT on the BMT unit. Table 1 shows their clinical and nutritional characteristics. Weight and body mass index were lowest at the start of the consolidation phase. The consolidation phase was also associated with the shortest length of stay, the highest mean oral intake, the least number of days on PNS and lowest weight loss. Table 2 shows the number of admissions meeting one of the criteria for PNS. Hypoalbuminaemia and underweight were rare at the start of each treatment phase. Prolonged periods of reduced oral intake occurred in only 20% of the patients undergoing consolidation treatment against 65% during remission induction courses. Weight loss of more than 10% of initial weight was rare during both remission induction and consolidation courses, but occurred in 20% of BMT admissions. The need for PNS was significantly different between the three phases; consolidation courses had the lowest requirement for PNS (P Ͻ 0.01). In each phase PNS was given more frequently than actually needed.
PNS requirements per BMT protocol
This cohort consisted of 93 patients. Seven patients were excluded because their data set was incomplete (due to death within 1 week after transplantation or for other reasons). Clinical and nutritional characteristics of the remaining 86 admissions are shown in Table 3 . Patients undergoing an autologous transplant were significantly older than those receiving an allogeneic graft (P Ͻ 0.01). All patients conditioned without TBI were treated for lymphoma, whereas most patients whose preparative regimen consisted of cyclophosphamide and TBI suffered from AML. Duration of hospitalization was significantly longer for those patients undergoing a mismatched transplant (48 days) when compared with the other regimens (28, 36 and 37 days; P Ͻ 0.01). No significant differences were found in nutritional status at start of therapy, in oral intake capacity, in duration of PNS or in clinical weight loss, although a trend was seen towards a longer PNS period in group 4 and less clinical weight loss in group 1. Table 4 shows the number of admissions that met one of the criteria for PNS. Hypoalbuminaemia as well as underweight at the start of therapy were rare in all subgroups. A prolonged period of reduced oral intake was common (92%) in group 4 (mismatched BMT) and less frequent (40%) in the other groups. Although not statistically significant, there appeared to be a trend toward a higher frequency of severe weight loss in the groups with a regimen-containing TBI (groups 2-4). The percentage of patients requiring PNS Table 3 Clinical characteristics of four BMT groups according to the three criteria defined earlier differed significantly between the four subgroups, group 4 (mismatched BMT) showing the highest percentage. In all groups PNS was given more frequently than actually needed. The discrepancy was greatest in group 1: PNS indicated in 37% of the cases vs 75% given.
Characteristics of patients who reached nutritional goals without PNS
In Table 5 , a group of 58 BMT patients was retrospectively divided into a subgroup who could manage without PNS (28%) vs a subgroup who received PNS (72%). The first subgroup was able to keep their oral intake at the acceptable level of at least 70% of their estimated energy requirement and 1 g protein/kg/day. Between groups, no significant differences were seen in gender ratio, age, diagnosis or type of transplant. Body mass index at the start of therapy was significantly higher (27 kg/m 2 ) in the non-supported group compared with the supported group (24 kg/m 2 ; P ϭ 0.01). No significant difference was seen in weight loss during admission (Ϫ5% of start weight in the non-supported group vs Ϫ6% in the supported group). Table 4 Number of admissions meeting one of the criteria for PNS in four BMT groups 
Discussion
The objectives of the present study were to identify regimen-associated differences in requirements for PNS during intensive cytotoxic therapy, to reveal discrepancies between the number of defined PNS indications and the frequency of PNS actually given and to describe characteristics of patients who met nutritional goals without PNS. Comparing three treatment phases for AML, we found that during the consolidation phase only a minority of the patients required PNS. During remission induction and transplantation the number of PNS indications was higher.
Comparing four subgroups undergoing BMT, the group conditioned without TBI needed PNS in less than 40% of cases. In other groups, PNS was indicated in more than 50% of cases. Except for the group of mismatched BMT recipients, all groups received more PNS than was actually needed. In the BMT recipients with lymphoma, PNS was given twice as frequently (75 vs 37%) as needed. The only significant characteristic of those patients meeting nutritional goals without PNS was a higher body mass index.
Clinical measurements such as oral food intake and body weight are susceptible to error. In the case of oral intake records this error is random and the high frequency of measurement (three times per week) may solve the problem. The occurrence of vomiting and diarrhoea may have led to an overestimation of net energy intake. In case of body weight measurement changes in hydration status, especially in patients receiving PNS, 14, 15 might cause a systematic underestimation of loss of body mass. To reduce the confounding influence of hydration status we have used body weight data of admission date and discharge (after termination of PNS) only. Because criteria for PNS indications were rather stringent in this study and dependent on a combination of clinical variables, we do not believe we have underestimated the need for PNS at group level.
In the first analysis only a small number of the patients admitted was included (20 out of 50 patients admitted for remission induction). The reduction was partly due to dropouts who never reached remission, relapsing early or dying before transplantation and partly to factors (not patientrelated) necessitating admission to another ward. To check the representativeness of the group included we performed an analysis comparing the number of PNS indications and the frequency of PNS given between patients included and patients excluded. No significant differences were found. In the cross-sectional analysis, seven out of 93 patients were excluded because of an incomplete data-set, mainly due to death or relocation to the ICU within the first week after transplantation. It is unlikely that nutritional support would have influenced the cause of death at this stage. We conclude that our findings can be generalised to all patients treated with the defined treatment regimens.
The rationale for parenteral nutrition support in cancer patients is to prevent severe tissue wasting in patients with mucositis and whose nutritional status might already have been poor at the start of therapy. However, for most cancer patients the efficacy of PNS in improving tolerance to treatment, quality of life or prognosis is not proven. Meta-analyses, both in the field of cancer surgery 16 as well as chemotherapeutic treatment, 17, 18 show that for many patients PNS did not reduce complication rate, but did increase infection risk. Only patients who are severely malnourished at the start seem to benefit from PNS. These findings have led to clinical guidelines 11, 12 that advocate reserving PNS for two groups of cancer patients: those who are severely malnourished (while responding to therapy) and those in whom gastrointestinal or other toxicities preclude enteral intake for 7-10 days or longer.
Although these guidelines are recognised for cancer treatment in general, they are usually not applied to patients undergoing intensive cytotoxic therapy resulting in a prolonged period of granulocytopenia. Clinical trials on the efficacy of PNS in BMT patients 5, 19, 20 are scarce and mainly performed in selected groups, not allowing extrapolation to other subgroups.
In contrast to other groups of cancer patients, we found severe malnutrition at the start of therapy to be rare in patients with haematological malignancies admitted for intensive cytotoxic therapy. Although the variables used in this study are not very specific for identifying 'severe malnutrition', the observation that current BMT recipients are usually well-nourished at the time of hospital admission has also been found by others. 3, 21, 22 This fact might be partly due to the short disease history before diagnosis and subsequent remission induction therapy and partly to the length of the recovery period prior to BMT. The most important PNS indication in this patient group is the presence of 'a prolonged period of minimal oral intake'. The length of this period may differ significantly per regimen. This implies that further reductions of gastrointestinal toxicity or duration of the neutropenic period (for instance the replacement of BMT by peripheral blood stem cell transplantation) may further decrease the need for PNS.
In most groups more patients received PNS than was actually indicated by our review criteria. This is due to the fact that length of inadequate oral intake is difficult to predict in clinical practice. Clinical guidelines based on regimen-related differences in oral intake patterns may help to improve clinical decision-making in the future.
We found a high body mass index being a consistent characteristic of those patients who could do without PNS. This suggests that obese persons are less hampered in their eating behaviour than their normal weight counterparts.
Two explanations are possible: firstly that difference in body composition causes a different distribution of toxic agents, resulting in less toxicity, and secondly that obese persons cope differently with feelings of nausea and lack of appetite. The withdrawal of PNS in the non-supported group was not likely to be harmful, as is shown by the comparable weight losses in both groups.
In summary, our data suggest that PNS is not necessary for all patients undergoing intensive cytotoxic therapy. Significant regimen-associated differences in the number of patients requiring PNS demand a differentiated policy. For example, during consolidation for AML and during a BMT protocol without TBI (for lymphoma), PNS is needed in only a minority of patients. For almost all intensive cytotoxic therapy regimens the routine use of PNS is no longer required. Screening for severe malnutrition at the start of therapy and monitoring of the oral intake capacity during admission are practical tools allowing more rational, individualised decisions regarding PNS during intensive cytotoxic therapy.
